Overview
========

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and has spread throughout the globe in a very short span of time, which is beyond the imagination of most of us. The outbreak started in Wuhan, Hubei province of China, in November 2019. The World Health Organization (WHO) declared it as a pandemic on March 12, 2020. As of now, on April 20, 2020, more than 2.4 million patients have been affected worldwide, with approximately 170,000 deaths across the globe. Risk factors for severe disease and poor outcome are age \>65 years and underlying comorbid conditions such as cardiovascular disease, diabetes mellitus, hypertension, or chronic obstructive pulmonary disease.

The SARS-CoV-2 virus belongs to the *Coronaviridae* family of viruses, with a single-strand positive-sense RNA genome. [@JR_1] Viruses of the *Coronaviridae* family had been identified in various avian and mammalian hosts. [@JR_2] [@JR_3] Six members of this family are known to cause human disease, and two out of these were previously known to cause severe lower respiratory tract infection with high mortality. Severe acute respiratory syndrome coronavirus (SARS-CoV) emerged in southern China in November 2002 and resulted in more than 800 deaths. [@JR_4] The Middle East respiratory syndrome coronavirus (MERS-CoV), first detected in Saudi Arabia in 2012, was responsible for at least 2,220 cases and 790 fatalities, with more than 80% cases reported in the Middle East and particularly in the Kingdom of Saudi Arabia. [@JR_5] [@JR_6] Overall damage was limited in both the epidemics. Limited human-to-human transmission of MERS-CoV, and the absence of mild infection and the lack of human-to-human transmission in SARS-CoV virus were the factors responsible for the limited spread. Concerns have been raised previously regarding future serious outbreaks with similar zoonotic viruses. Changes in social practices, the environment, and travel were thought to provide new opportunities for zoonotic pathogens to infect humans. [@JR_7]

The fear of pandemic became a truth in late 2019, with Wuhan, Hubei province of China, being the epicenter In late December 2019, clusters of patients were detected with pneumonia of unknown cause, that were epidemiologically linked to a seafood and wet animal wholesale market in Wuhan, Hubei Province, China. Initial research led to novel betacoronavirus belonging to the sarbecovirus subgenus of the *Coronaviridae* family as the causative agent and was given the name as 2019-nCoV or (SARS-CoV-2). [@JR_8] SARS-CoV-2 is the seventh coronavirus species to cause human disease. [@JR_1]

The occurrence of asymptomatic infections and human-to-human transmission are the major factors responsible for failure to contain the virus.

Different coronaviruses bind to different receptors in the human being, such as angiotensin-converting enzyme 2 (ACE2) for SARS-CoV [@JR_9] and CD26 for MERS-CoV. [@JR_10] Receptor-binding domains of SARS-CoV and 2019-nCoV are similar [@JR_11] [@JR_12] and bind to human ACE2 receptors. ACE2 converts angiotensin II to Angiotensin (1--7). SARS-CoV 2 infection occurs in tissues expressing ACE2 including the lungs, heart, kidneys, brain, liver, and gut. ACE2 is a key enzymatic component of the renin-angiotensin-aldosterone system (RAAS). ACE2 is expressed in both hepatocytes and cholangiocytes. SARS-CoV 2 RNA has been detected in saliva and the stool samples. [@JR_13] The liver may be the site of entry for the gastrointestinal tract.

Hepatic Impairment in COVID-19
==============================

Fever and cough are the most common presentation. Around 20% of patients can have severe disease and roughly 5% require intensive care admission. Around 2 to 10% of patients with COVID-19 had gastrointestinal symptoms such as diarrhea, abdominal pain, and vomiting. [@JR_14] [@JR_15]

Liver impairment has been reported previously with both SARS and MERS-CoV. Liver involvement was seen in 60% cases of SARS-CoV infection. [@JR_16] [@JR_17] Hepatic involvement was likely due to the cytopathic effect of the virus, as the reverse transcription--polymerase chain reaction showed SARS-associated coronavirus in liver tissue. Histopathology revealed proliferating cells, apoptosis ballooning of hepatocytes, and mild-to-moderate lobular lymphocytic infiltration. [@JR_18] Similarly, hepatic involvement was reported with MERS CoV infection. [@JR_19]

Multiple studies have reported the hepatic involvement in the COVID-19 disease. Liver damage is mostly transient and mild in patients with COVID-19 and can return to normal without any special treatment. Rare cases of severe acute hepatitis have been described in patients with COVID-19. [@JR_14] ACE2 is present in biliary and liver epithelial cells, explaining the involvement of the liver in the COVID-19 disease. [@JR_20] Though ACE2 expression is higher in cholangiocytes than hepatocytes, the most common laboratory abnormality is mild elevation of alanine transaminase and aspartate transaminase, indicating hepatocyte injury. Around 14 to 53% of cases had elevated alanine aminotransferase and aspartate aminotransferase during disease progression. [@JR_21] Elevated liver enzymes can be due to hepatocyte injury, myositis, myocardial injury, hypoxia, or side effect of various therapeutic agents. Patients with severe COVID-19 seem to have higher rates of liver dysfunction. [@JR_22] Yang et al reported a similar incidence of elevated liver enzymes in survivors and nonsurvivors. [@JR_23] Gamma glutamyl transferase (GGT) and alkaline phosphatase may be elevated in COVID-19 patients. GGT and alkaline phosphatase levels were found to be elevated in 30 (54%) and 1 (1.8%) of 56 patients with COVID-19, respectively.

Hepatic impairment in these patients can be multifactorial. Possible mechanisms are direct cytopathic injury by the virus, immune-mediated injury, cytokine storm, and drug-induced hepatotoxicity.

Exact outcome of COVID-19 in patients with an underlying liver disease is still not known.

Patients with an underlying liver disease may be affected with COVID-19. Whether hepatitis B and C predispose or protect against COVID-19 is unknown. Patients with nonalcoholic fatty liver disease due to underlying hypertension, diabetes mellitus, and obesity may be more prone to the severe disease. As cholangiocytes share the ACE2 receptor, [@JR_20] patients with primary biliary cirrhosis and primary sclerosing cholangitis may have aggravation of biliary injury after the COVID-19. In patients with autoimmune hepatitis who are on steroids and immunosuppression, behavior of COVID-19 is unknown. Whether COVID-19 will be more severe or can lead to a flare-up of autoimmune hepatitis is unknown.

Patients with decompensated liver disease may be more prone to infection by SARS-CoV-2 because of underlying immunocompromised state, and the disease may be severe in these patients.

Many of the drugs used for the treatment of COVID-19 may be hepatotoxic; hence, precautions should be exercised. Therapeutic agents used to manage symptomatic COVID-19, such as remdesivir and tocilizumab, may be hepatotoxic.

COVID-19 infection has been reported in the peritransplant period. In the postoperative period, one patient developed pneumonia followed by elevated liver enzymes, which were thought to be due to graft rejection. The patient was discharged from the hospital. [@JR_24]

Pancreatic Injury in COVID-19
=============================

Wang et al [@JR_25] analyzed pancreatic injury in patients with COVID-19. Pancreatic injury was defined as an elevation in pancreatic enzymes. All the patients had underlying viral pneumonia. nine patients had elevated pancreatic enzymes. The authors did not mention about symptoms of pain in these patients. Patients with pancreatic injury were more likely to have anorexia, diarrhea, and severe illness on admission. Direct cytopathic effect and immune-mediated injury have been postulated to be responsible for the injury. The ACE 2 receptor for SARS-CoV has been detected previously in the pancreas, and patients with SARS can have derangement in blood sugar and predisposed to diabetes at follow-up. [@JR_26] Whether SARS-CoV2 can also predispose or worsen diabetes mellitus still needs to be explored.

In conclusion, SARS-CoV2 can cause hepatic and pancreatic injury, which is more common in patients with severe disease. The mechanism of liver injury is likely to be multifactorial, and direct viral effect, immune- and cytokine-mediated injury, and drug-induced injury are the likely possible mechanisms. Patients with decompensated liver disease are likely to have severe disease. Every effort should be made to prevent infection in this highly vulnerable group.
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